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157) Claims 



Claim 1. With respect to the production of solid catalyst components by bringing the 
component (A) described below into contact with the component (B) described below in 
hydrocarbon solvent 

(A) silica gel with a surface area of at least 200 m 2 /g, a pore size in the range of 0.3-3.0 
mUg, and an average particle size in the range of 0.1-200 urn 

(B) alkylaluminoxane in which the R/AI ratio of alkyl (R) to Al, as measured after drying 
for at least 0.5 hr under a vacuum s 100 mmHg at a temperature of at least 20°C, is 
in the range of 1 .05-2.0, 

a method for producing solid catalyst components for olefin polymerization, that is 
characterized by bringing the toluene-soluble (at 20°C) aluminum component in the obtained 
solid component to s 3 weight% without any washing of the obtained solid by 

using the aluminoxane (B) in the range of ax 10 4 to (a x 10' 3 \* 7 gram per 1 gram of 

the sil ica gel (A) wherein a Is the surface a rea of tha silica ael In m 2 / n and 
effecting contact at a temperature of at least 50°C. 

Claim 2. The method described in Claim 1 for producing solid catalyst components for olefin 
polymerization, wherein the alkylaluminoxane is methyl aluminoxane. 



Detailed D escription of the Invention 

[0001] 

Field of the Invention 

This invention relates to a method for producing solid catalyst components for olefin 
polymerization. More particularly, this Invention is a highly efficient method for producing a 
solid catalyst component for olefin polymerization wherein said solid catalyst component 
comprises aluminoxane/silica gel. Polyolefin with excellent particle characteristics can be 
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produced at high activities using the solid catalyst component afforded by this invention. 
[0002] 

Descripti on of the Prior Art 

It is known that poly-a-olefins can be produced by the polymerization of cc-olefin using a 
metaltocene compound (a transition metal compound In which the ligands are 
cyclopentadienyl, Indenyl. fluorenyl, or a derivative of the preceding) in combination with a 
cocatalyst, for example, an aluminoxane. 

[0003] 

Japanese Laid Open (Unexamined or Kokal or A) Patent Application Number Sho 58-1 9309 
(19,309/1983) describes a method for polymerizing or copolymerizing ethylene and/or a-olefin 
in the presence of a catalyst comprising aluminoxane and a transition metal compound with 
the formula (cyclopentadienylfcMeRHal wherein R = cyclopentadienyl, C1-C5 alkyl. or halogen; 
Me - transition metal; and Hal = halogen. Japanese Laid Open (Unexamined or Kokai or A) 
Patent Application Number Sho 60-35008 (35,008/1985) teaches that poly-a-olefin with a 
broad molecular weight distribution can be produced through the. use of a catalyst comprising 
aluminoxane and at least two types of metallocene compounds. Japanese Laid Open 
(Unexamined or Kokai or A) Patent Application Number Sho 61-130314 (130,314/1986) 
describes a method for producing polyolefln using catalyst comprising aluminoxane and a 
stereorigid zirconium chelate compound. This same document describes a method for 
producing highly isotactic polyolefin through the use of ethylenebis(4,5,6,7-tetrahydro-1- 
indenyl)zlrconium dichlorlde as the transition metal compound. Japanese Laid Open 
(Unexamined or Kokai or A) Patent Application Number Sho 64-66124 (66,124/1989) discloses 
a catalyst for producing stereoregular olefin polymer; the effective components of this catalyst 
are aluminoxane and transition metal compound in which the ligand is a silicon-bridged 
cyclopentadienyl compound. Japanese Laid Open (Unexamined or Kokai or A) Patent 
Application Numbers Hei 2-41303 (41,303/1990), Hei 2-274703 (274,703/1990), and Hei 2- 
274704 (274,704/1990) teach that syndiotactic polyolefin can be produced using catalyst 
comprising aluminoxane and metallocene compound having bridged ligands comprising 
mutually unsymmetrical ligands. 



[0004] 

After It was suggested that the active species in so-called Kaminsky catalysts as described 
above is the transition metal cation [Cp' 2 MR] + (Cp' = cyclopentadienyl derivative; M = Ti, Zr, 
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Hf; R = alkyl), some catalyst systems were also reported that did not employ aluminoxane 
cocatalyst. Japanese Laid Open (Unexamined or Kokai or A) Patent Application Number Hel 3- 
188092 (188,092/1991) discloses a metallocene compound having cyclopentadienyl and 
heteroatom-containing ligands as an olefin polymerization catalyst. Taube et al., successfully 
polymerized ethylene using a compound with the formula [Cp2TiMe(THF)] + [BPh4]~ 
wherein Me = methyl and Ph = phenyl (J. Organometall. Chem., 347, C9 (1988)). Jordan et al., 
have reported that ethylene is polymerized by the zirconium complex [Cp 2 ZrR(L)] + wherein 
R = methyl, benzyl and L = Lewis base (J. Am. Chem. Soc, 109, 4111 (1987)). 

[0005] 

Japanese Laid Open (PCT) Patent Application Numbers Hei 1-501950 (501,950/1989) and Hel 
1-502036 (502,036/1989) describe a method for polymerizing olefin using a catalyst 
comprising a cyclopentadienylmetal compound and an ionic compound that can stabilize the 
cyclopentadienylmetal cation. Zambelli et al., have reported that isotactic polypropylene can be 
produced by a catalyst that combines trimethylalumlnum and fluorodimethylaluminum with a 
zirconium compound In which the ligand is a cyclopentadiene derivative (Macromofecules, 22, 
2186 (1989)). The Kaminsky-type catalysts as described above are associated with a number 
of problems because they are generally solvent-soluble systems: when used in solution or gas- 
phase polymerization they give polymer product with a low bulk density and impaired particle 
characteristics and they also cause wall deposits In the polymerization reactor. 

[0006] 

In order to solve these problems, Japanese Laid Open (Unexamined or Kokai or A) Patent 
Application Numbers Sho 61-108610 (108,610/1986), Sho 63-66206 (66,206/1988), and Hei 2- 
173104 (173,104/1990) describe methods for polymerizing olefin using solid catalysts afforded 
by supporting a metallocene compound and aluminoxane on a microparticulate carrier. 
However, these solid catalysts prepared using aluminoxane suffer from a low activity on a solid 
catalyst basis. 

[0007] 

Problems to Bo Solved bv the Invention 

The above-described Kaminsky-type metallocene/aluminoxane catalysts require the use of 
large amounts of aluminoxane to produce high activities, and these catalyst systems therefore 
have a very low activity calculated with reference to the aluminoxane. According to information 
acquired by the inventors, the aforementioned solid catalysts containing supported 
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aluminoxane exhibit a low activity on a solid catalyst basis due to a relatively low aluminoxane 
support rate. On the other hand, as reported in Japanese Laid Open (Unexamined or Kokai or 
A) Patent Application Number Sho 63-264606 (264,606/1988), a solid catalyst with a high 
aluminoxane support rate can also be obtained by depositing metallocene and aluminoxane on 
carrier using solvent In which the aluminoxane is sparingly soluble. However, when this 
catalyst was used mainly In solution polymerization, the aluminoxane eluted during 
polymerization, causing the production of fines and the appearance of wall scaling. Tactics 
such as prepolymerization have been attempted as a means for solving these problems. In 
another vein, the co-use of an organoaluminum compound, as described in Japanese Laid 
Open (Unexamined or Kokai or A) Patent Application Number HGi 4-7306 (7,306/1992), is 
known as a method for inducing additional activation of solid catalysts produced from 
aluminoxane/support. However, the aluminoxane support rate in the solid catalyst afforded by 
the method described in this document Is also relatively low and the polymerization activity is 
still not adequate. Japanese Patent Application Number Hei 4-298607 (298,607/1992) 
describes a catalyst in which aluminoxane and a metallocene compound are supported on an 
inorganic oxide that contains adsorbed water, but long-term contact with the organoaluminum 
compound that is also used by this catalyst causes the aluminoxane to elute. This has resulted 
in the production of some quantity of fines when this catalyst is applied to, for example, long- 
term continuous polymerization. 

[0008] 

As described in the preceding, methods known for supporting aluminoxane/metallocene 
compound on a support have heretofore included (a) deposition of aluminoxane on the support 
and (b) contacting aluminoxane with the support and subsequently recovering only firmly 
supported solid catalyst by washing with solvent that can dissolve the aluminoxane. In the 
case of the former method, the co-use of an organoaluminum compound, which is used in 
order to realize higher activities, results in problems such as the production of polymer fines 
and wall scaling of the polymerization reactor by polymer. In the case of the latter method, 
while co-use of an organoaluminum compound can realize higher activities, the aluminoxane 
support rate is still low and the activity is still inadequate. The latter method is also expensive 
because it requires large amounts of aluminoxane to produce the solid catalyst. 

[0009] 

Means Solving the Problem* 

In order to solve the problems described above, the inventors carried out extensive 



Mitsui Chemicals, Inc. Japanese Patent 3,496,955 

PACE 27/44 * RCVD AT 10/14/2004 5:57:48 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 * DNlS:8729306 * CSID:281 998 1398 » DURATION (mm-SS): 19-14 



Oct 14 2004 5:01PM 



PC 



281-938-1398 



p. 28 



translation pagination: page 6 of 15 pages 



investigations in pursuit of a method for producing a solid catalyst that would exhibit high 
activity on a solid catalyst basis and that would be able to produce polyolefin exhibiting 
excellent particle characteristics even when used in solution polymerization. As a result of 
these Investigations, the inventors discovered that this object could be achieved by using a 
specific silica gel as the support and supporting the aluminoxane thereon under specific 
conditions. This Invention was achieved as a result of this discovery. In specific terms, with 
respect to the production of solid catalyst components by bringing the component (A) 
described below into contact with the component (B) described below in hydrocarbon solvent 

(A) silica gel with a surface area of at least 200 m 2 /g, a pore size in the range of 0.3-3.0 
ml7g. and an average particle size in the range of 0.1-200 \xm 

(B) alkylaluminoxane in which the R/AI ratio of alkyl (R) to Al. as measured after drying 
for at least 0.5 hr under a vacuum s 100 mmHg at a temperature of at least 20°C, is 
in the range of 1 .05-2.0, 

this invention is a method for producing solid catalyst components for olefin polymerization, 
that is characterized by bringing the toluene-soluble (at 20°C) aluminum component In the 
solid component to * 3 weight% (this means that the aluminum component that elutes even 
during repeated washing of said solid catalyst component with toluene at 20°C is s 3 weight% 
relative to the aluminum component supported in said solid catalyst component) without any 
washing of the obtained solid, by 

using the aluminoxane (B) in the range of a x IQ^tcWax 10' 3 1 * 2 g ram per 1 gram of 

the silica gel (A) wherein a is the surface area of tho silica ael In m 2 /g and 
effecting contact at a temperature of at least 50°C. 

[001 OJ 

The silica gel used as component (A) in this invention is silica gel with a surface area of at 
least 200 m /g, a pore size in the range of 0.3-3.0 ml_/g, and an average particle size in the 
range of 0.1-200 urn, which in addition has been brought to an adsorbed water content of 0-20 
weight% and preferably 0-10 weight% by dehydration or hydration. Silica gel is preferably used 
that has a surface area of at least 400 m /g, a pore size in the range of 0.4-2.0 mL/g, an 
average particle size in the range of 0.5-100 urn, and a water content brought to 0-5 weight% 
by dehydration or hydration, insofar as the properties of the inventive solid catalyst are not 
impaired, the silica gel used in this invention may also contain some quantity of metal oxide, 
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e.g., AI2O3, Na 2 0, and/or metal halide, e.g., MgCfe. The aluminoxane used as component (B) 
in this invention is a compound with the following general formula 

[001 1] 

R-"^AI—0^-AIR 2 
R 

and/or 



wherein R is Ci. 10 hydrocarbyl and n is an integer with a value of at least 2. 
Methylaluminoxane (R = methyl) in which n is at least 5 and preferably is at least 10 is used in 
particular. Some quantity of an alkylaluminum compound may also be admixed in the 
aforementioned aluminoxanes. Also very suitable for use are, for example, aluminoxanes 
containing at least two types of alkyl groups, as described in, for example, Japanese Laid 
Open (Unexamined or Kokai or A) Patent Application Numbers Hei 2-24701 (24,701/1990) and 
Hei 3-103407 (103,407/1991); micropartlculate aluminoxane as described in, for example, 
Japanese Laid Open (Unexamined or Kokai or A) Patent Application Number Sho 63-198691 
(198,691/1988); and aiuminumoxy compounds afforded by contact between aluminoxane and 
water or an active hydrogen-containing compound, as described In, for example, Japanese 
Laid Open (Unexamined or Kokai or A) Patent Application Numbers Hei 2-167302 
(167,302/1990) and Hei 2-167305 (167,305/1990). These aluminoxanes can be synthesized 
by heretofore known methods as described in the aforementioned documents. 

[001 2] 

In addition, the aluminoxane used in this invention is alkyl aluminoxane in which the R/AI ratio 
of alkyl (R) to Al, as measured after drying for at least 0.5 hr under a vacuum * 100 mmHg at a 
temperature of at least 20-0, is in the range of 1.05-2.0. Highly suitable for use is 
methylaluminoxane (R = methyl (Me)) in which Me/AI is in the range of 1.1-1.9. The R/AI ratio 
can be measured by reacting the aluminoxane with a compound possessing active hydrogen, 
such as water or alcohol, and determining the amount of alkane gas thereby generated. 
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[0013] 

The aforementioned aluminoxane drying step has at its purpose removal of the 
trialkylaluminum mixed In the aluminoxane. The temperature, vacuum, etc., are determined as 
a function of the type of trialkylaluminum that is to be removed. For example, when 
trimethylaluminum is to be removed from the.methylaluminoxane preferably used' in this 
invention, it will be sufficient to carry out drying at 50°C under a vacuum of 100 mmHg using a 
vessel capable of uniform heat transmission. A crucial aspect of this invention is the use of 
alkylalumlnoxane in which the R/AI ratio, measured after treatment as described above, is 
1.05-2.0. While the specific structure of such an aluminoxane has not been solved, it is thought 
to be a mixture of aluminoxane compounds with the general formulas given above, or a 
structure In which the aluminoxane species are crosslinked, or a structure in which 
trialkylaluminum is fixed by complexing together with the aluminoxane (this structure is 
described in, for example, J. Polym. Sci. , Polym. Chem., 23. 21 17 (1985)). 

[0014] 

A crucial aspect with respect to producing the inventive solid catalyst components for olefin 
polymerization is that the quantity of use of the aluminoxane (B) with respect to the 
aforementioned silica gel (A) is in the range of a x 10^ to a x 10" 3 x 2 gram per 1 gram of the 
silica gel (A) wherein a is the surface area of the silica gel in m Z /g. When the aluminoxane is 
used at less than a x 10 gram, the resulting solid catalyst component has a low aluminoxane 
support rate therein and Is unable to provide an acceptable performance as a catalyst 
component. When the aluminoxane is used at more than a x 10" 3 x 2 gram, use of the 
resulting solid catalyst component for olefin polymerization results in such problems as 
deposition of the polymer on the walls of the polymerization reactor and the production of fines. 

[0015] 

Contact in hydrocarbon solvent at a temperature of at least 50°C is used as the method for 
effecting contact between components (A) and (B). Contact in solvent is preferably carried out 
in the range of 50 e C to 200°C. Any solvent can be used that does not deactivate the 
aluminoxane. Preferred specific examples are aliphatic hydrocarbons such as pentane, 
hexane, heptane, octane, and cyclohexane and aromatic hydrocarbons such as benzene", 
toluene, and xylene. The solid catalyst component obtained In this manner contains 5-30 
weight% and preferably 10-25 weight% aluminum atom. An aluminum content below 5 
weight% results in a low polymerization activity. An aluminum content above 25 [sic] welght% 
results in the production of fines during polymerization and deposition on the walls of the 
polymerization reactor. 
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[0016] 

An important aspect of this invention Is that almost all of the charged aluminoxane can be 
supported on the silica gel through control of the amount of aluminoxane used. By doing this, 
the aluminum component elutable into 20°C toluene in the resulting solid catalyst component 
can be controlled to s 3 welght% and preferably * 1 weight%. A toluene-elutable aluminum 
component greater than 3 weight% results in the problems of fines production and deposition 
of polymer on the wall of the polymerization reactor. A heretofore known method for controlling 
the toluene-elutable aluminum component comprises washing with an aromatic hydrocarbon 
solvent capable of dissolving the aluminoxane, such as benzene, toluene, or xylene. However, 
use of the inventive method is cost-wise advantageous because it enables a reduction in the 
amount of aluminoxane used and omission of such manufacturing steps as the washing step. 
In addition, it has surprisingly been found that solid catalyst component obtained without 
washing by controlling the aluminoxane charged as in this invention, is more active than solid 
catalyst component obtained using excess aluminoxane and then washing out the unreacted 
aluminoxane. While the reason for this is not clear, it is thought that, upon the use of an excess 
of aluminoxane, the noneffective components (alkylalumlnum and other components not 
functional as a cocatalyst component) in the aluminoxane preferentially extinguish the surface 
hydroxyl groups on the silica gel, leading to a reduction in the support rate of the effective 
aluminoxane component 

[001 7J 

The solid catalyst component obtained as described hereinabove can be used as a catalyst of 
olefin polymerization by use in the presence of organoaluminum compound and a transition 
metal compound from Groups 4-6 of the Periodic Table. The Group 4-6 transition metal 
compound used in olefin polymerization can be, for example, a Group 4-6 transition metal 
halide compound, transition metalalkyl compound, transition metalalkoxy compound, or a 
bridged or unbridged metallocene compound. Group 4 transition metal halide compounds, 
transition metalalkyl compounds, and bridged and unbridged metallocene compounds are 
preferred. 

[0018] 

The transition metal halides, transition metalalkyl compounds, and transition metalalkoxy 
compounds can be specifically exemplified by titanium tetrachloride, dimethyltitanium 
dichloride, tetrabenzyltitanium, tetrabenzylzirconium, and tetrabutoxytitanium. The unbridged 
metallocene compounds can be exemplified by 
cyclopentadienyltitanium trichloride, 
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cydopentadienylzlrconium trichloride, 
bis(cydopentadienyl)zirconium dichloride, 
bis(pentamethylcyclopentadlenyl)zirconium dichloride, and 
(cyclopentadlenyl)(pentamethylcyclopentadienyl)zirconlum dichloride. 
The bridged metallocene compounds can be exemplified by 
ethylenebis(lHndenyl)zirconium dichloride, 
ethyleneblsC^S^J^etrahydro-l-indenylJzirconium dichloride, 
dimethylsilylenebis(methylcyclopentadienyl)zlrconium dichloride, 
dimethylsilylenebis(dimethylcyclopentadienyl)zirconium dichloride, 
isopropylidene(cyclopentadlenyl)(9-fluorenyl)zirconium dichloride, and 
diphenylmethylene(cyclopentadienyl)(9-fluorenyl)zirconium dichloride. 
In addition to the corresponding hafnium compounds, other examples are the known transition 
metal compounds described in, for example, Japanese Laid Open (Unexamined or Kokai or A) 
Patent Application Numbers Hei 3-9913 (9,913/1991), Hei 2-131488 (131,488/1990), Hel 3- 
21607 (21,607/1991), Hei 3-106907 (106,907/1991). Hei 3-188092 (188,092/1991), Hei 4- 
69394 (69,394/1992), and Hei 4-300887 (300,887/1992). Depending on the circumstances, 
two or more of the aforementioned transition metal compounds can be used simultaneously. 
The aforementioned transition metal compounds may be used supported on solid catalyst [sic] 
prepared according to the inventive method or may be added separately to the polymerization 
system. The organoaluminum compound used for olefin polymerization can be defined by the 
following general formula 

[0019] 

R 1 jAI(OF* 2 ) k H,X m 

1 2 

wherein R and R are C1-20 hydrocarbyl and may be the same or may differ from each other; 
X is a halogen atom; O is the oxygen atom; H is the hydrogen atom; j is an integer from 1 to 3; 
k, I, and m are each integers from 0 to 2; and j + k + i + m = 3- Specific examples are 
trimethylaluminum, triethylaluminurrv triisobutylaluminum, diethylaluminum chloride, 
ethylaluminum dichloride, and diisobutylaluminum hydride, among which triethylaluminum and 
triisobutylaluminum are highly suitable. 

[0020] 

The transition metal compound is used at 0.0001-100 mmol and preferably 0.001-10 mmol per 
1 gram of the solid catalyst component prepared according to the present invention. The 
organoaluminum compound is used at 0.01-10,000 mmol and preferably 0.1-1 ,000 mmol per 1 
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g of the solid catalyst component The polymerization method and polymerization conditions 
are not critical and those methods known for carrying out a-olefin polymerization can be used. 
Solvent polymerization using inert hydrocarbon solvent can be employed, as can gas-phase 
polymerization and bulk polymerization in which inert hydrocarbon solvent is substantially not 
present. Polymerization is generally run at a polymerization temperature of -1 00-200°C and a 
polymerization pressure of ambient pressure to 100 kg/cm 2 , while preferred conditions are 
-50-1 00°C and ambient pressure to 50 kg/cm 2 . 

[0021] 

The hydrocarbon solvent used for treatment of catalyst components or for polymerization can 
be exemplified by saturated hydrocarbons such as butane, pentane, hexane, heptane, octane, 
nonane, decane, cyclopentane, and cyclohexane; aromatic hydrocarbons such as benzene, 
toluene, and xylene are also usable. The olefin used in polymerization can be exemplified by 
C2-25 olefins such as ethylene, propylene, 1-butene, 4-methyl-1-pentene, 1-hexene, 1-octene, 
1-decene, 1-dodecene, 1 -tetrad scene, 1-hexadecene, and 1-octadecene. The solid catalyst 
components prepared according to the present invention can be used not only for the 
homopolymerization of olefin, but also for the copolymerization of C2 to about C25 olefin, for 
example, propylene with ethylene or propylene with 1-butene. 

[0022] 

Examples 

This invention is specifically described hereinbelow through working examples. 

Example 1 

Preparation of the solid catalyst component 

5 g silica gel (dried for 3 hours at 200°C, product of FujwDavison, surface area = 485 m 2 /g, 
pore size = 0.72 mUg, average particle size = 32 ^m, water content ■ 0.3 weight%) was 
suspended In 25 cm toluene in a 100 cm four-neck flask that had been thoroughly purged 
with nitrogen. 3.2 g methylaluminoxane (product of Tosoh-Akzo, degree of polymerization = 
16.2) was added to this suspension. The Me/AI ratio of this methylaluminoxane, measured 
after drying for 3 hours at 2 mmHg and 50°C, was 1.59. Reaction was then carried out for 6 
hours under reflux. 8.1 g of a white solid was recovered by distillation of the solvent under 
reduced pressure. The results of analysis of this solid catalyst component showed an 
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aluminum content of 14.9 weight%. A portion of this solid catalyst component was 
resuspended in toluene at 20°C: the amount of dissolution into the toluene of the aluminum in 
the solid catalyst component, calculated from the aluminum content in the supernatant, was 
0.1 weight%. 

[0023] 

The value pf a in this example was 485 . and therefore a x 10* 4 had a value of 0.0485 and fa x 
10 ) x Z had a value of 0.97 . The amount of methylaluminoxane used in this experiment was 
0.64 g/g-Si0 2 . 

Polymerization test 1 

A 1.5 dm stainless steel autoclave was thoroughly purged with nitrogen and was then 
charged with 0.75 dm liquid propylene and 41 mmol hydrogen. This was followed by the 
pressurized introduction using nitrogen of 15 mg of the above-described solid catalyst 
component, 0.5 mg diphenylmethylene(cyclopentadienyl)fluorenylzirconium dichloride 
synthesized by the method described in Japanese Laid Open (Unexamined or Kokai or A) 
Patent Application Number Hei 2-274703, and 71 mg triisobutylalumlnum. The system was 
then heated to 60°C and polymerization was carried out for 1 hour at this temperature. 
Polymerization was stopped by the addition of a small quantity of methanol; the propylene was 
purged; and 150 g syndiotactic polypropylene was obtained by drying. Adhesion of polymer to 
the walls of the polymerization reactor was not seen. The polymerization activity on a solid 
catalyst basis was calculated at 10,000 g(polypropylene)/g (solid catalyst)-(hour). The 
synthesized syndiotactic polypropylene had a limit viscosity (referred to below as fn]) 
measured in tetralin solvent at 135 e C of 1.56/g; the melting point (Tm) measured by differential 
scanning calorimetry (DSC) was 130°C; and the bulk density was 0.37 g/mL. Fines passing a 
200-mesh screen were not present. 

Polymeriza tion test 2 

15 mg of the solid catalyst [sic] synthesized according to Example 1 was suspended in 10 cm 3 
hexane in a 50 cm three-neck flask that had been thoroughly purged with nitrogen, and a 
catalyst slurry was then prepared by the addition in the given sequence of 0.5 mg diphenyl- 
methylene(cyclopentadienyl)fluorenylzirconlum dichloride and 71 mg triisobutylaluminum. A 
1.5 dm stainless steel autoclave was thoroughly purged with nitrogen; the prepared catalyst 
slurry was then introduced; and 0.75 dm 3 liquid propylene and 41 mmol hydrogen were 

Mitsui Chemicals. Inc. ~ Japanese Patent 3,496,955 
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subsequently added. The temperature was raised to 60°C and polymerization was carried out 
for 1 hour to yield 161 g syndiotactic polypropylene. Adhesion of polymer to the walls was 
almost entirely absent. The polymerization activity on a solid catalyst basis was calculated at 
10,730 g-(polypropylene)/g-(solidcatalyst).(hour). fo] of the synthesized syndiotactic 
polypropylene was 1.58/g; the melting point (Tm) measured by differential scanning 
calorimetry (DSC) was 131°C; and the bulk density was 0.38 g/mL. Fines passing a 200-mesh 
screen were not present. 

[0024] 

Comparative Example 1 

Preparation of the solid catalyst component 

A solid catalyst component was synthesized in accordance with the procedure in Example 1 
for synthesizing solid catalyst component, with the exception that 6 g methylaluminoxane was 
used. 9.9 g solid catalyst component was obtained as a result. The aluminum content in the 
solid catalyst component was 19.6 weight%. The elution into toluene at 20°C was 5.5 weight%. 
The valge of a in this comparative example was 485 . and therefore a x 10" 4 had a value of 
0.0485 and fa x 1 Q~ ) x 2 had a value of Q . 97 - The amount of methylaluminoxaneused in this 
experiment was 1 .2 g/g-SiC>2. 

Polymerization experiment 

Polymerization was carried out as in Polymerization Experiment 2 in Example 1, with the 
exception that the solid catalyst component prepared as described above was used as the 
solid catalyst component. While 211 g syndiotactic polypropylene was obtained, strong 
deposition by polymer on the walls was seen. 
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[0025] 

Comparative Example 2 

Preparation of the solid catalyst componpnt 



The solid catalyst component prepared in Comparative Example 1 was also thoroughly 
washed with toluene to give 7.8 g solid catalyst component. The aluminum content in this solid 
catalyst component was 14.1 weight%, and the elution into 20°C toluene was 0 weight%. 

Polymeriza tion experiment 

Polymerization was run as In Polymerization Experiment 2 In Example 1, but in this case using 
the solid catalyst component prepared as described above as the solid catalyst component. 87 
g syndiotactic polypropylene was obtained as a result. Almost no adhesion of polymer to the 
walls was observed. The polymerization activity on a solid catalyst basis was calculated at 
5,800 g-(polypropylene)/g (solld catalyst) -(hour), fa] of the synthesized syndiotactic 
polypropylene was 1.57/g; the melting point (Tm) measured by differential scanning 
calorimetry (DSC) was 133°C; and the bulk density was 0.35 g/mL. Fines passing a 200-mesh 
screen were not present. 

[0026] 



[0027] 

Advantageous Effect s cf the Invention 

A solid catalyst component for olefin polymerization that exhibits excellent properties can be 
prepared by execution of the inventive method. The inventive method has substantial industrial 
value because use of the solid catalyst component obtained according to the inventive method 
enables the production of polyolefin that exhibits excellent particle characteristics. 



Brief Description of the Drawing s 

Figure 1 contains a flowchart of catalyst production in order to facilitate understanding of the 
catalyst production process. 
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Figure 1 . 



(A) 



silica gel 



surface area of at least 
200 square meters per g 

average pore size 
of 0.3 to 3.0 mL/g 

average particle size 

of 0.1 to 200 micrometers 



(B) 



aluminoxane 



solid 
catalyst 
component 



alkylalumlnoxane In which the R/AI ratio of alkyl (R) to Al 
as measured after drying for at least 0.5 hr under a 
vacuum £ 100 mmHg at a temperature of at least 20*0, 
is In the range of 1 .05-2.0 
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